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MARINE CASUALTY ANALYSIS USING
SHIP-HANDLING SIMULATOR

Its said that more than 80% of the cause, for marine casualty are human according to the accident

analysis, In this paper, wediscuss the relation between the causes ofaccideni and human error. Human

errors, that cause the marine casualties are divided into the following two categories;

Category 1: Operator cannot accomplish the standard function

Category 2: Operator accomplishes the standard function
dn ihe case of first category, the doze, drunk, mental and physical fatigue and the lack skill are corre-

sponded. Usually, the human error being treated as the causes ofaccidentsarenot
divided into the cate-

imi mentioned above. The causes ofaccidents in two categories are treated ashuman errorina lump.

Orihe prevention ofaccidents, the countermeasures for each category differ from each other. The coun-

jermensuresfor the prevention ofaccidents based on the category 1 are education and enforcement. But
nk the operator who belongs to category 2 occurthe accideni, the countermeasures corresponding to

"rtegory 1 are not proper. Because he have sufficient ability and normal condition, it is not reasonable

a educate and enforce for getting the standard skill. There must be more rational countermea-

X.m Preventing the accident in category 2.
: ptakaismeu to clear the causes ofaccident which occurred relating to theda kkeng,

Y very difficult because of operator acting the normal handling. As ana ;nE CI
an =. arenot applied. Generally speaking, most ofcauses ofvehicle accidents such as ioMrespona da udged as human error. In case of vehicle accidents, most of thena are FAdi
0fthe .i lily because operators decide the final action which was a direct cause ofia A

this
“tion based on the normal decision which are commonly made byaMo adie

he g nala
€1, the acciđents in category 2.are discussed in order to clarify the metho

Pame“obure of this accident and the methods of researching the causes and countermei .

L.THE RELATION BETWEEN THE ACCIDENTS AND

HUMAN ERROR IeSanda* standard operator madethe action which is the same asdon io
tonka dable operators, then the accidents occurred. I5it PORE Chat he did not
isregno sSITOr? Ifwe acceptitasa human error, can we point it is easy to esti-

Mate i oNsibility? From the view point of preventing accident&, "io faceofthe
“the other standardable SRto will do the same action
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ituati d the accident willoccur. In order to prevent the same accidents,itisE eadijiohfind the condition in which standard able human acts normally
handling without accidents.

*The human's action would be the same under the same condition because of
education and enforcement. In order to discuss the relation between the accidents
and human error, we assume that the human mentioned aboveis having thestan-
dard ability and the giving conditions are ship's characteristic, rules of road,traffic
condition and natural environment. The relations among the conditions, accident
and the human error corresponding to category 2are discussed. 4 kinds ofrelation
are proposed as follows;

Case 1.

The accident occurred and is caused by human/s action type A which is in-duced by condition type A. The human characteristics (A) generates the action (A)caused by condition (A). The accidents caused by human errorin cate gory Zare be-longing to this case.

ACTION
(A)

Case 2.
In this case, the human characteristics differ from type A to type B by some-thing to be improved. Thereforethis human characteristicsnE nan (B)corresponding to the condition (A). The accident doe u-man's action type B. s not occurre because of h

CONDITION
(A) ACCIDENT|

NON-ACCIDENT
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Case4.
The accident does not occurre because of human's action (B). Though the

human characteristics is (A), Human action differs from (A) to (B) becauseofZa
tion changing from (A) to (B).

NON-ACCIDENT

From this concept, the accidents will be prevented by changing from Case 1

to Case 2 of Case 3 or Case 4.In order to change the human action from (A)to (B),
three patterns can be considered. The first oneis to improve the human character-
istics by special training and education. These countermeasures correspond to
Case 2. The second oneis not to change the human characteristics. The action
would be changed by support system which improves the human characteristics
virtually. A new control apparatus for handling is one of these support systems.
These countermeasures correspond to Case3. In thecase of Case 4,the condition is

changed by applying new traffic rules, and new typesofship etc.

In order to prevent the accidents in category 2, the countermeasures men-
tioned aboveare proper methods. The concrete methods depend on the causes of
accidents. So itis important to clarify the causesof accidents. In the following sec-
tion ofthis paper, one example of the accidents analysis, that were carried out for

studying the causes of accidents using ship handling simulator, are described.

CONDITION
(B)

HUMAN
CHARACTERISTICS

A)

2. COLLISION BETWEEN YUYO-MARU ANDPACIFIC ARES

On 9Nov. 1974, Yuyo-maru proceeded to north boundin Nakanose fairway in To-
kyo bay in Japan, Visibility das 2.0 miles. Yuyo-maru was LPG tanker, 43,724 GT,

27 min length and 35.8 m in width. Nakanose strait is one way fairway: Pacific
Ares proceeded to westbound from Kisarazu harbor. Pacific Ares was iron material

carrier, 10,875 GT, 154 m in lengthand22.2 min width. The pilot on Pacific dres (be-
ing abbreviated as PA.) left ship after informing that Yuyo-maru (being a oated as Y. maru is coming from port side through Nakanose fairway.ao

Y-maru recognized PA.atthe distance of 2 miles and started to decelerate o
i ispeed at the point of 1389 m onthis sideof the encountering point. PA.proceeaWithout avoiding action until the collision. They made collision atneoEMg position.Fig. 1 shows the processof twoships situation. By this acci SaPersons, on PA. died and 5 person on Y. maru died. ThisE EPeople an extreme shock. Fig. 2 shows the newspaper informing ac .

i
in flames forterthe collision occurred, Y maru and PA. werein flames. X. maru was in0 days, Finally, she was towed outof the Tokyo Bay and sank by bombing.

3. SIMULATOR STUDIES

ze the causes of accidentIn this section, the contents of simulator studies to analy Hai“Te shown.In order to simulate the accident condition and th
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tics, we have examined the following documents and data proposed by the Japa-
cs,
nese Maritime Court.

mamaao
me(13:37 GOLLISION ) Di

peSENJ0 500 1000(m)

Fig. 1 The processof collision between Y. maru and PA.

—6 Dead, 28 Missing in Fire —

LPG Tanker, Freighter
Collide in Tokyo Bay

VOKOMAMA—Al 29 crewinen aboard a Lihtr-
ian freighiter were feared ta have been killed inafire triggered hy a collision Saturday sfteruoon wlih
3 capacilleaded Japanese liquefied petroleum gas
(LPG) tanker in Tokyo Bag

< ps
eed pešrelcem pat laker Vuje Mara Ka (9day HEB ceilisino lih (e Likra M49) pun, za sapun

Fig. 2 Newspaper informing the collision accidents

Estimation of ship's maneuvering characteristics
The characteristi

;
;oKOAa0fY. maru and PA. Were estimated based on the following data

with highdao maiematical model which could estimate the ship's motior
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(1) The results of trial test.
(2) The table of principal dimensions
(3) The numerical estimation for speed control
(4) Others

Realization of the condition and the process

The environmentof the accident situation was examinedusing the following the
data and realized with high accuracy andrealistically by ship handling simulator
atthe Tokyo Univ. of Mercantile Marine.

(1) Arrangement of sea buoy
(2) visibility
(3) Both ship's initial position course and speeds
(4) Others

Contents of simulator studies

In this studies, as the behaviorof the operator on PA. could not be known, the beha-

viorofthe master onY maruwas discussed. The objects of simulator studiesaretheac-
tion of the master on Y. maru and the motion characteristics of X. maru. In orderto
darify the causesof accident,the effects of the following factors are examined:

(1) Timing to start avoiding the action.
(2) Methods for avoiding collision.
(3) Rules of road.
(4) Ship's maneuvering characteristics.

4. ANALYSIS

Collision avoiding timing
The timeto start the avoiding actionis a very important factor which

decides,the
accomplishmentof the collision avoidance or not. The master of Y. maru recog-

nized PA. atabout2,700 m on this side ofencountering point and start avoiding ac-
tion at 1,389 m. The timeto be considered for discussing the effect on thena
avoiding can be setat the position between the point of 2,700 m and the point ot 1,

389 m on this side of encountering point.
(1) Start to maneuveratthe pointof 1,389 m e
Initial position of Y. maru was 1389 m on this side of encountering poin

Where the mie, of Y. maru started to avoid the action. This pointis called
A.T in

aoolowing sentence. 4 skilled masters started toDen:Miaa nA

and

made actionto avoid collision at the time when mA
S opeed control hey wasAS of avoiding action weree aso

ed for avoiding collision by master on X. maru.

th
Fig. 3 shows Ne timemes of engine control modePre,niSe decelerating to avoid collision immediately just after ePooarted. As the results of avoiding actions, all of their objective

co

Plished andcollision occurred in every caSe-

(2) Start to maneuver at the point of 2,700 m
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Main

engine

control

3796.6 2000 0
Distance to the encountering point (m)

Fig. 3 The time history of engine control started from A.T.

Main

engine

control

37966. 2000.—— Toj

Distance to the encountering point (m)

Fig. 4 The time history of engine control started from R.T.

Assumed position erecognized PA. Thispontiscaid Aroto Position where the master of X maru
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ing situation. It is the particular handling characteristics in fairway why they didn“
mike avoiding action earlier. Anyway, all the masters in thismubi:
avoided the collision.But the distance at the closest pointofapproach wasvery small.

Collision avoiding methods

In the previous section, the contents of avoiding action applied only speed control

that was applied for avoiding collision by master on Y. maru. Now we cannotesti-
mate why master on X. maru did not change her course by steering the rudderfor
avoiding the collision. Wetried to confirm the effectiveness of changing hercourse.
Two cases were applied, one was to avoid using rudder control, the other wasto
avoid rudder and speed control.

(1) Applying the rudder controlto avoidcollision
A skilled masters started to maneuver from position of 1389 m onthis side of

encountering pointin Nakanose fairway and madeaction to avoid collision at the

time when they considered to have to doit. The contents of avoiding action were

restricted, as only heading control was applied.
The distance at the closest point of approach (DCPA) caused by heading

control for avoiding collision were examined, based on the numerical simulation.
The results of simulation are shown in Fig. 5. The contents ofavoiding maneuver is
tocarry out the parallel shift maneuver shown in Fig. because ofnavigatingin the

fairway. The DCPAis 320 m when the avoiding action started at the point of A.T.

The relation between thestarting point and DCPAare shown in Fig. 5.

Table 1 shows the DCPA which are obtained by simulator studies. All mas-

ters could avoid the collision.
(2) Applying the rudder and speed control to avoid collision

— 500 ===
DCPA(m

320

100E

2000
Distance to the encountering po int (m)

: : :
: trol.

Fig. 5 The relation between DCPA and starting point using heading con

n of 1389 m on this
ositio _eBOA ntoavoid collisionANE ver :skilled masters also started to maneu d madeactioo €ncountering pointin Nakanose fairway an
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atthe time when they considered to have to doit. The contents of avoiding action

were not restricted. All masters could avoid the collision. ina eTable 1 shows DCPAas theresults of simulatorstudies in thisI I

e DCPA
in case of avoiding collision using speed control only from AT were

i |m collision

occurred. The DCPAin case of avoiding collision using heading control only or head-

ing and speed control from A.T were over 129.0_m; collision did not occur
By the results of this section,it is said that the heading controlis an effective

measureto avoid collision. But most of the masters, cannot apply these characteris-
tics effectively in fairway. Three of the masters who operated in simulatorstudies
obtained DCPA under 200 m.

Table 1 DCPA concerning the control methods

DCPA (m)

Speed Heading Speed/Heading
A 0.0 340.9 356.0

B 0.0 174.3 154.5

C 0.0 172.2 188.5

D 0.0 164.0 129.0

Compulsory navigation in fairway
The masteron Y. maru made the action to avoid collision by speed control, and notby other control. We estimate that his actionwasaffected by navigatingin the fair-
way, the human characteristics of operationin the difference area were examined.
The same encountering situation was assumed in the open water area.4 skilled
masters also started to maneuver from position 0f2700m on this side ofencounter-ing point and made action to avoid collision at the time when they considered to
have todoit. The contents of avoiding action are not restricted. All masters couldavojd the collision. Fig. 7 shows the position where each masterstarted the actionto avoid the collision.All masters started the action earlier than in the fairway andthey used only heading control. In the case of navigation in fairway, half of themasters controlled using speed and rudder. 2

From the results of these simulator studi viingi i , Standard human operator nav!gating in the fairway has th cy
Za ai SPthe control by Pelenaaove avoiding action andto apply

PREZo.
& the ship's speed comparing to the navigation in the

Maneuverability
The timin S; id; edaiae2i 18dane Collision strongly relates,to the ship maneuvering
usually tankerTE Marne and altering course. Y. maru wasa large wh0aanie PLI emotion very slowly. Wetried to discuss the effect of dif-
ence between Y.RaoA Ship was applied to discuss the differ
characteristics. notner ships that have better maneuverin&
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CENTER of GRAVITY

“> RIGHTSIDEof F'rw'y

Fig. 6 The contents of avoiding action using heading control.

The assumed position corresponded to the position where master of Y. maru

recognized PA.. 4 skilled master also handled and started to maneuver in

Nakanose fairway and made action to avoid collision at the time when they con-

sidered to have to doit. The contents of avoiding action were restricted, as only

speed control was applied for avoiding collision by master on Y. maru.In this case,

allof them did not start to handle the avoiding action immediately. They kepther
in motion for a moment. Each master started to decelerate her speedat the time

when he considered the needto avoid collision by himself, they were not atthe
same timing. Anyway, all masters in this simulator studies avoided thecollision.

:
Fig.8 shows the relation between the DCPA andstarting point for decelerat-

ing her speed concerning Y. maru andthe container ship respectively. The starting

Position of the container ship was closer than the one of
Y. maru. In spite ofa closer

Point, DCPA were greater than DCPA of Y. maru.

ka Furthermore, by numerical simulation based on the
eristics of a containership,it is possible to avoid collision w
started from A.T.

off
From the above discussion, the maneuverin

ectedin this accidents.

maneuvering charac-

hen the speed control

g characteristics
were strongly
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Fig. 7 The starting point of avoiding action in the fairway and open water

DISCUSSION
Collision between Y. maru and PA.

The water area near the exit of the fairwayisa complicated place becauseof the switch-
ing of two traffic rules. Theship proceeding in the fairway must keep her track in the
fairway and can proceed without avoiding the ship which crosses the fairway. The ship
intending to cross the fairway has, to avoid the ship proceedingin the fairway. When
two ships encounterat thewater area near theexit of the fairway, whatis the bestway toavoid collision? In the casediscussedin this paper, the master on X maru recognizedthat PA. was the ship crossing the fairway and expected that PA. would avoid Y maru.The operator on PA. died, we cannot know What he thoughtofthis situation.

Container ship —

je

4oo=-

200

ja
1600 lan)

ring point (m)

2400 2000
Distance to the encounte

1g point of avoidin i ; ruand a container ie SSeminte
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In this section, we have discussed the human characteristics of who
i

pain deShip procesna helarvay atabecaresults of simulator studies, the following characteristics have been obtained:

(1) The avoidingaction of the operator on the ship proceedingin the fairwa
tends to delay for the ship crossing the fairway.

y

(2) The avoiding action ofthe operator on the ship proceeding in

the fai

tends to make mainly speed control
PP BIN Eda

After this accident, the Japanese Coast Guard set the sea buoy on the ex-

tended line ofKisarazu fairway andthe ships coming from Kisarazu fairwayarere-
quired to proceed north of the new buoy. These countermeasuresare intended for

ships coming from both direction that willnotencounterat the water area near the
exit of Nakanose fairway. By this countermeasures, the accident like an this case
will not have occured.

Countermeasuresfor preventing the accidents.

We discussed the relation between the accidents and human errorin section 1of
this paper. The accident discussing in this paper was judged as caused by human

error. Mostofthe skilled masters handled the sameaction as the master on Y maru.

The same accidents will occurr in case of not making effective countermeasures.
The causes of this accident should be judged as category 2,in section 1. From these

results, it is well known that the same situation often appear in the area near the

exit of the fairway such as Nakanose fairway.
When we discuss the content of the countermeasure for this accidents, the

countermeasure by the Japanese Coast Guard is the proper one, because no acc
dents like the accidents of X maru have occurred.

.
Itisalways said that the causes of accident and countermeasures tonm

2ccidentsthatbelong to Category 2are found difficult. The causes
and measures2

accidentsin Category 2 are discussed referring to the Y maru accidents. Theoi
termeasuresby].C.G, setting newbuoy, correspond to the Case A. The master, wi

standard skill, maneuversin Nakanose fairway safelywithoutany support sy!Sandbecause of the change ofthe trafficrules, the conditions have been
change i.

di
Meanwhile, the handling by an excellent skilled operator, such

aseE
'
d.not make theaccidents, this situation correspond to Case. 2. The sao biaiWhich gives inform the proper timeto start this avoidingaction

and

the
prp

%Y ofavoiding corresponds to Case3.
The acci i r or

bysev,
ccidents do not occurr bysingle error

07.

ccidents

aedi events that happen continuously in a chain.di Itis not

Necessar
ed respectively, the methods to remove theRE error chains. The best
Y to removeall the causes, it isimportantto cut fficien

Meth :
, E identsand efficiency-od for selecting the measure dependson the kind

ofaccid
an errorin Cate-

man € concept concerning the structure of accident by hum

y2is necessary and useful.

6. CONCLUSION

event, they always occurred

Therela ka
e oration between the accidents and Human error27%ra section 1. The

Causing the accidents are divided into 2 categor!es *
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in category 2 are mainly discussed because the countermeasures for
ENESdare dmple Peediše these čalines are the lack of normal human abilities,
In the case of category 1, the education must be done.

E :In the process of accidents belongingto category 2,itis necessary to discuss
the relation among the condition, human characteristics, human action and acci-
dents, In order to prevent the accidents caused by human errorin category 2, the
understanding of the process is very important. Three concepts for preventingac-cidents are proposed. The necessity and effectiveness of these concepts are con-
firmed through analyzing the great accidents occurred in Japan. The ship
handling simulator is very useful for analyzing the causes of marine casualty and
human characteristics. Through the simulator studies, the countermeasures can be
suggested.

Many accidents that were judged as the results of human error have oc-
curred all over the world. Someof them were better understood, if they belongedto category 2. In this case, the countermeasure pointing the loss of human ability
are not the complete ways. This measure meansthat the same accidents will occur
again by the sameerror by standard operators. To say again, in these cases, thecountermeasures that are indicatedin section 1 of this paperare necessary. The un-suitable measures have been used in many cases up to now.

Sažetak
ISTRAŽIVANJE POMORSKIH NESREĆA BRODSKIM SIMULATOROM

Govori se da je ljudski faktor uzrok 80 il S Ja 5 4j
2"

posto pomorskih nesreća, a to proizlazi i iz analize tih nesreća. Uovom se radura oaTia nesreća i Piseetna Ljudski faktor, kao uzrok, ože se podijeliti u dvije kategorije: 1, kategorija: čovji oŽ bavitistandardne zadatke;2. kategorija: čovjek obavljaendZenaEee. oamma2dai dremuckanje, pijanstvo, mentalni i fizički umor i nedostatak
faktor, iako se ljudski kto, kojise smanjeni u doje kategorije, tretiraju zajednički kao ljudskiDRE :e tor, koji se smatra uzrokom nesreće, nedijeli u prije spomenute kategorije.noveonomaoleza aki kegPanjkoAREA ELI 2 9 VE

kategorije jesu obrazi
prvuMeanaZLIieA “eg0riji, prouzrokuje nesreću, protumjere koje se primjenjuju za
nije logično da šeEPI , jE 205) oga što je čovjek već stručan iradiu uobičajenim uvjetima, paJe 12g2se prisili da stekne standardnu stručnost. Moraju, dakle, postojati

ovanje i njegovaprisilna primjena.

M ko Ž

1
S

ju

u
druge kategoriji j jasni. todePomoću kojih bi se otkrila struktura tih nesreća kao i metodiAoso€


